Modular mesoionics: understanding and controlling regioselectivity in 1,3-dipolar cycloadditions of Münchnone derivatives.
1,3-Dipolar cycloadditions of mesoionic 1,3-dipoles (Münchnones, imino-Münchnones, and phospha-Münchnones) with alkynes offer versatile, modular synthetic routes to pyrroles. Reactivity and regioselectivity differ markedly for different members of this series, and we report here the first general rationale for differences in reactivity by means of a systematic investigation of 1,3-dipolar cycloadditions involving electron-poor and electron-rich alkynes. Competition kinetic measurements indicate that Münchnones and phospha-Münchnones are nucleophilic 1,3-dipoles that react most rapidly with electron-poor alkynes. However, the regioselectivities of cycloadditions are found to undergo an inversion as a function of alkyne ionization potential. The exact point at which this occurs is different for the two dipoles, allowing rational control of the pyrrole formed. The origins of these reactivities and regioselectivities are examined computationally. Frontier molecular orbital predictions are found not to be accurate for these reactions, but transition state calculations give correct predictions of reactivity and selectivity, the origins of which can be analyzed using the distortion/interaction model of reactivity. Cycloadditions with electron-poor alkynes are shown to favor the regioisomer that has either the most favorable TS interaction energy (Münchnones or imino-Münchnones) or the smallest TS distortion energy (phospha-Münchnones). Cycloadditions with more electron-rich aryl-substituted alkynes, on the other hand, generally favor the regioisomer that has the smaller TS distortion energy. These insights delineate the synthetically important distinctions between Münchnones and phospha-Münchnones: phospha-Münchnones undergo highly regioselective cycloadditions with electron-poor alkynes that do not react selectively with Münchnones, and the reverse is true for cycloadditions of Münchnones with electron-rich alkynes.